When people are presented with a pair of images and asked to identify which one is more attractive, their eye gaze gradually shifts toward the image that they eventually choose. This study examined whether this sampling bias also occurs in other sensory modalities by observing participants' behavior in a haptic preference task. The results indicated that the participants tended to sample the chosen item just prior to making their decision when they were instructed to identify their most preferred item (i.e., the "like" task), but not when they were instructed to identify their least preferred item (i.e., the "dislike" task). This indicates that the sampling bias is a general phenomenon regardless of sensory modality. In addition, the sampling bias in the like task was larger when the difference in preference ratings between the paired items was smaller. However, the sampling bias decreased when the two items were given equal preference ratings, despite there being a longer decision time on those trials. This suggests that the sampling bias is not simply related to task difficulty, but is also related to preference formation and/or selective encoding of task-relevant information.
choose an excerpt that they liked, but not when asked to choose one they did not like; thus, the observed bias was similar to the gaze bias. These results indicate that these types of biases could be a general tendency in preference-judgment tasks, regardless of the sensory modality.
To the best of our knowledge, Lindsen et al. (2011) is the only study that has investigated the the sampling bias in preference-judgment tasks in sensory modalities other than vision.
Accordingly, we tested whether the sampling bias also exists in the sensory domain of tactile processing.
The present study introduced a two-alternative forced-choice task that asked participants to indicate their preference for handkerchiefs, a common activity in daily life. We expected that the sampling bias would be larger when the participants had to choose the handkerchief that they liked the most than when they had to choose the one they disliked the most, in accordance with the visual-preference and musical-preference task literature discussed above. The present study also analyzed the relation between the sampling bias and task difficulty (i.e., the difference in preference level) in order to investigate the role of the sampling bias in the decision-making process. In previous studies, the gaze bias in a visual preference task was larger for the more difficult task (i.e., the difference in preference level was small; Shimojo et al., 2003) . This indicates that the gaze bias is not merely a tendency to look at the chosen item, but rather is related to the decision-making process. Thus, we expected that the sampling bias in the haptic preference task would be larger for the more difficult task.
Experiment 1 Method
Participants. Twenty-eight male students at Ritsumeikan University aged 21-25 years (M = 21.9, SD = 1.3) voluntarily participated in the experiment. This experiment was approved by the local ethics committee.
Materials.
Thirty handkerchiefs that differed in texture or weave were used for the experiment. Two handkerchiefs were presented 30 cm apart inside a box in front of the participants. The handkerchiefs were covered by the box, so the participants could not see them. The handkerchiefs differed in tactility. They were made of cotton, silk, hemp, artificial fabrics, terrycloth, etc. Some of them had embroidery, which provided a different tactile sensation.
Procedure. We monitored hand movements when the participants were presented with a pair of handkerchiefs and asked them to identify the one they preferred the most or least. The participants were instructed to touch the handkerchiefs one at a time with their dominant hand. The experimenter told the participants which handkerchief to touch first at the beginning of each trial (i.e., "touch the right handkerchief first," or "touch the left handkerchief first") in an alternating order. The participants were instructed to put their dominant hand between the handkerchiefs and to orally report which handkerchief they liked more (the like task) or disliked more (the dislike task) as soon as they had made a decision.
The instruction was made orally in Japanese ("Sukina hou wo erande kudasai" for the like task and "Kiraina hou wo erande kudasai" for the dislike task). After making their decision, the participants were instructed to rate the feel of the handkerchief on a 5-point scale (1 = very unfavorable, 2 = unfavorable, 3 = neutral, 4 = favorable, and 5 = very favorable).
The participants performed 15 trials in the like task and 15 trials in the dislike task on separate days, and task order was counterbalanced across participants. The entire experiment was completed in approximately 50 minutes each day. The 30 handkerchiefs were paired randomly for each participant and task. The participants did not judge the same handkerchief more than once in either task. Their behavior was recorded by a video camera. The beginning and end of a trial was determined by watching the videos. The time resolution of the video was 0.1 s. We defined the beginning of a trial as the time of the first touch and the end as the time when the dominant hand was placed between the handkerchiefs. Repeatedly touching the same handkerchief was regarded as one sample when determining the amount of sampling per handkerchief. Table 1 shows a summary of the results. Effect sizes were estimated using Cohen's d and d z for the standardized mean difference of an effect for between-subjects and withinsubjects designs, respectively (Lakens, 2013) . The likelihood of sampling the chosen item last (M = .62) differed from chance (0.5) in the like task, t(27) = 3.91, p < .001, d z = 0.74, but not in the dislike task (M = .49), t(27) = 0.59, p = .56, d z = 0.11. The likelihood was also significantly larger in the like task than in the dislike task, t(27) = 3.99, p < .001, d z = 0.75, d = 0.94, consistent with the results of previous studies involving visual (Schotter et al., 2010; Shimojo et al., 2003) and auditory (Lindsen et al., 2011) To investigate the relationship between task difficulty and sampling bias, we analyzed the difference in preference ratings between paired items (DP). Procedure. In order to increase the number of trials in which participants rated two handkerchiefs as equally preferred, pairs of identical handkerchiefs were added to the task without notifying the participants. Thus, each task involved 15 pairs of two different handkerchiefs and 15 pairs of two identical handkerchiefs. The two types of pairs were presented randomly, and the handkerchiefs were randomly paired for each block of recording.
Results
The participants performed 30 trials for each like and dislike task on the same day. Then, the participants performed 30 trials from each task on an additional day, resulting in a total of 60 trials for each task. The order in which the like and dislike tasks were presented was counterbalanced across participants. The entire experiment was completed in approximately 50 minutes each day.
Hand movements were recorded by a magnetic position sensor (Patriot, Polhemus
Inc.) at 60 Hz and by a video camera. We defined the duration of touching a handkerchief as the duration in which the hand was in either area of the box (i.e., the left or right side). The duration in which the hand was in the central area (i.e., the 10 cm area between the handkerchiefs) was truncated so that it did not include the hand-movement time.
The task itself was the same as in Experiment 1 except that the participants were asked to press a key using their non-dominant hand when making a decision (in Experiment 1, they placed their dominant hand between the handkerchiefs). The participants were instructed to press the "X" key to select the right handkerchief and the "Z" key to select the left handkerchief. They were also asked to rate the handkerchiefs on each trial by pressing a button after recording their decision without touching the handkerchiefs again.
When the two handkerchiefs were identical, the participants reported a difference in preference (i.e., DP1 or DP2) on 39% of the trials (210/540). This result shows that the participants were unable to discriminate the pairs of different handkerchiefs from the pairs of identical handkerchiefs. One possible explanation for the participants reporting different preference levels for two identical items is that the participants' touching behavior may have differed slightly between the two items because the items and their hand were not visible.
Another possible explanation is that internal noise related to perception or a general prejudice that there were two different items may have resulted in differences in preference even when the touching behaviors were identical between the two items. Therefore, we analyzed their behavior without dissociating the two types of handkerchief pairs. Table 2 Finally, we analyzed the time course of sampling handkerchiefs. Previous studies on visual-preference judgments have shown that the duration of looking at an image just before a preference decision is significantly longer when the participants looked at the chosen image last compared to when they looked at the other image last (Glaholt & Reingold, 2009; Mitsuda & Glaholt, 2014; Schotter et al., 2010) . This difference in gaze duration between the chosen and other image is regarded as an important factor in understanding the gaze bias. (10) 137 (8) 140 (11) 144 (12) Mean sampling duration 101 (1) 101 (1) 100 (1) 102 (1) First sampling duration 108 (3) 107 (2) 106 (1) 107 (2) Final sampling duration 90 (4) 85 (4) 86 (4) 89 (4) Note. 100 * ratio to the mean sampling duration; values in parentheses indicate standard error of the mean.
We standardized the sampling duration to the mean of a single sampling duration for each participant in order to eliminate individual differences. Table 3 
Discussion
The aim of this study was to test whether there is a sampling bias evident in haptic preference tasks that is similar to that observed in visual preference tasks. Experimental results showed that the participants tended to touch the handkerchief that they chose at the time in which they made their decision when they were asked to choose their preferred handkerchief, which is consistent with the results of a preference task involving music excerpts (Lindsen et al., 2011) . These results indicate that the sampling bias in a preferencedecision task is not specific to the visual modality; in other words, it is a general phenomenon, regardless of the sensory modality.
The likelihood of sampling the chosen item last (0.62 in Experiment 1 and 0.58 in Experiment 2) was smaller compared to that found in previous studies employing visual (Glaholt & Reingold, 2009a, 0.81; Schotter et al. 2010, 0.75; Shimojo et al., 2003, 0.83) or auditory (Lindsen et al. 2011, 0.73) preference tasks. These differences might be due to the greater effort required to sample items in the haptic (i.e., moving a hand from side to side) than in the visual (i.e., moving eyes) or auditory (i.e., pushing a button to change music) tasks. More effortful sampling can also explain why the sampling bias was smaller in the auditory preference task than in the visual preference tasks.
The difference in the sampling bias between this study and previous studies was greater in the dislike task. In the previous studies, the gaze bias in the dislike task was 0.56 (Shimojo et al., 2003) or 0.64 (Schotter et al. 2010) , which was smaller than that in the like task but greater than chance. In contrast, in this study, the sampling bias in the dislike task was 0.49 and 0.48 in Experiments 1 and 2, respectively, which are approximately at chance level. In contrast, the sampling bias in the auditory dislike task was below chance (0.44, Lindsen et al., 2011) . These inconsistencies require further study in order to identify the source of the sampling bias in the dislike task.
Heterogeneity in the results of the dislike task was also observed in the preference ratings. The preference ratings for the like task were significantly larger than those for the dislike task, which is consistent with the results of auditory preference tasks (Lindsen et al., 2011) . Previous studies have shown that logically equivalent decisions, such as like vs.
dislike decisions, produce differences in cognitive processing (Meloy & Russo, 2004; Shafir, 1993; Yamagishi & Miyamoto, 1996) . The differences between the like and dislike tasks observed in this study might reflect different decision processes for the different decision types.
The results of this study also show that differences in preference level affect the sampling bias. The sampling bias for DP1 trials was significantly larger than that for DP2 trials in the like task, which is consistent with previous results from a visual preference task (Shimojo et al., 2003) . However this study also showed that the sampling bias for DP0 trials was smaller than that for DP1 trials. As described previously, the participants had to compare the handkerchiefs that were associated with similar tactile sensations or two identical handkerchiefs on many trials. Therefore, the DP0 trials in this study might have been more difficult than the trials categorized as difficult in the previous study (Shimojo et al., 2003) .
On DP0 trials, the participants had little or no differences in preference between the two items. Therefore, they might have chosen an item without forming a preference (i.e., no difference in preference level) despite there being a longer decision time than on DP1 trials.
This means that the sampling bias is not related to task difficulty but to preference formation, as Shimojo et al. (2003) claimed.
There is a possibility that the sampling bias is not specific to preference formation.
Several studies have shown that the gaze bias also exists in visual tasks that are not related to preference judgment. Glaholt and Reingold (2009; claimed that the gaze bias reflects the selective encoding of task-relevant information. The smaller sampling bias on DP0 trials can also be explained by this claim. In other words, the participant might not have been able to find the task-relevant information (i.e., preference) on DP0 trials despite the longer decision time. Investigating the sampling bias for haptic judgment tasks that are unrelated to preference is required to verify these claims.
This study also showed that the sampling bias for DP0 trials differed significantly from chance levels in the like task, though the magnitude of the biases were small. Contrary to expectations, the sampling bias for DP0 trials in the dislike task was smaller than chance levels. These results mean that, when the difference in preference level between two items was small, the participants tended to choose the item that they were touching in the like task and the other item in the dislike task. It is known that sampling order affects choice (Mantonakis et al., 2009 ). For DP0 trials, a recency effect (i.e., the most recently sampled item is recalled better) might result in greater preference for the item just sampled. Another possible source of the bias is the Mere Exposure Effect (Bornstein, 1989; Zajonc, 1968) .
Recently, the Mere Exposure Effect was demonstrated in the haptic modality (Jakesch & Carbon, 2012) . It has also been reported that consumers' evaluations of items increases when they are allowed to touch the items (Grohmann, Spagenberg, & Sprott, 2007; Peck & Childers, 2003) . The last item sampled tends to have a larger number of touches than the other item. Therefore, the Mere Exposure Effect might result in greater preference for the item sampled last. To dissociate the recency effect from the Mere Exposure Effect in DP0 trials, the number of touches on a trial and the number of items in the selection array (i.e., a multi-alternative forced-choice task) must be increased in future studies.
This study also analyzed the time course of sampling duration. The shorter duration for the final sampling compared to preceding samplings is consistent with the results from visual preference tasks (Mitsuda & Glaholt, 2014) . However, a shorter duration for the first sampling and a difference in the mean sampling duration between the chosen item and the other item was not observed in this study (although it has been observed in the visual preference tasks; Mitsuda & Glaholt, 2014) . These results show a significant difference in the time course of sampling duration between the eye movements and touching with a hand. The sampling duration analyzed in this study cannot distinguish between the duration of haptic inspection (i.e., perceiving the handkerchiefs) and the duration of determining preference (i.e., keeping a hand on a handkerchief). Further studies are required to dissociate these two behaviors.
The final sampling duration for the like task was significantly longer when the participants sampled the chosen item last than when they sampled the other item last, which is consistent with previous studies using a visual preference task (Glaholt & Reingold, 2009; Mitsuda & Glaholt, 2014) . However, a bias in the final sampling duration for the dislike task was not observed in this study, although it was in a previous study (Mitsuda & Glaholt, 2014) . This might show that there is a relation between a bias in the final sampling duration and a bias in the likelihood of sampling the chosen item last because the likelihood of sampling the chosen item last was significantly greater than chance in the previous study but not in this study.
In summary, the present study demonstrated the sampling bias in a haptic preference task, which indicates that the sampling bias is a general phenomenon regardless of sensory modality. In addition, this study showed that the increase in sampling bias is related to preference formation and/or the selective encoding of task-relevant information as well as task difficulty. This indicates that records of sampling behaviors in preference-judgment tasks have the potential to increase our understanding of the decision-making process.
